ABSTRACT: Oxygenated compounds such as ethanol and MTBE are added to gasoline in many countries to increase the octane rating and to reduce the carbon monoxide and the ozone levels in the air. In Brazil, due to economic reasons gasoline has had up to 26% of ethanol added. The leakage or spillage of such gasolines, referred to as oxygenated gasolines, could induce a cosolvent flushing effect in the contaminated soil as a result of the high solubility of oxygenated compounds in water. This paper focuses on the experimental measurements of the enhanced aqueous concentration and the dissolution of 12 organic compounds with increasing percentage of ethanol in the gasoline phase. The validity of Raoult's law and the log-linear cosolvency model to estimate the aqueous concentration of the hydrocarbons from unamended and from oxygenated gasolines is verified. Column tests showed that ethanol is leached out of residual gasoline after a short time, leaving an ethanol-free residual phase.
INTRODUCTION
In relation to the types of pollution which affect the soil and which can be transmitted to ground water, the leakage during transport, storage and distribution of petroleum products are of greater concern because of their widespread distribution (Atlas and Cerniglia 1995) . Leakage of petroleum products is mainly caused by pipeline failure through corrosion, component wear, physical damage or superficial accidents. Leaked organics come into contact with ground water, gradually dissolve, and are transported to drinking water wells.
Gasoline is a complex mixture of volatile and semivolatile hydrocarbons. The major components are branched-chain paraffins, cycloparaffins and aromatic compounds. The specific composition will vary depending on the source of the petroleum, as well as on the production method. Gasoline may also include a number of additives, such as dyes, antiknock agents, lead scavengers, antioxidants, metal deactivators, corrosion inhibitors, and volatility/octane enhancers (Lane 1977; Cline et al. 1991) .
Brazil is the world leader in the use of ethanol as automobile fuel. More than 11 billion L of ethanol for fuel are produced each year. About 15% of the vehicles with spark ignition engines run on neat ethanol, and the rest use a blend of 26% ethanol in gasolines. The addition of polar organic solvents, which are completely miscible or are highly soluble in water (e.g. methanol, ethanol, methyltert-butyl alcohol), to a mixture of hydrocarbons and water has a potential cosolvent effect, resulting in an increased aqueous concentration of hydrocarbons (Groves 1988; Fu and Luthy 1986) . Consequently, the higher concentration of organic compounds in seepage water migrating to the water table can cause ground-water contaminations at concentrations exceeding drinking water standards, rendering ground water unusable. Certain constituents of gasoline have been shown to be hazardous, and benzene has been determined to be a human carcinogen by the National Cancer Institute (Burmaster and Harris 1982) .
The objective of this study was to determine the equilibrium aqueous concentration of 12 organic compounds of gasoline (Table 1) and to evaluate the time effect for aqueous dissolution behavior of such compounds, both in the presence and in the absence of ethanol as an additive. The compounds were chosen to represent a range of gasoline constituents with high and low solubilities. Batch equilibrium tests were performed to measure equilibrium concentrations in gasoline-water and in gasoline-ethanol-water systems. This was done for different gasoline-to-water ratios, and models were fit and compared to these data for pure gasoline and oxygenated gasolines. Column tests were carried out in order to investigate the long-term dissolution behavior of gasoline constituents in flow-through systems with and without ethanol. The changes in the solubility of 12 organic compounds were analyzed by Raoult's law and the loglinear cosolvency model.
The column leaching tests utilized a residual fine medium-grained quartz-oxide sand, obtained from the overlapped soil associated to the Botucatu aquifer located in Ribeirão Preto, in northeast São Paulo.
The Botucatu aquifer is an important and prolific aquifer supplying 70% of the drinking water for the region. A potential threat to this water resource is a steel pipeline 20-in. in diameter, 400 km long, and 1.5 m deep, which crosses the study area. It is about 194 km long only in the state of São Paulo. It transports gasoline, gas, diesel fuel and kerosene. Geologically, the Botucatu aquifer, 0.5-200 m thick, consists of horizontally bedded, fine to medium-grained sandstone and is locally intercalated by medium to coarse gravels in the lower portion of the unit. The ground-water table rises to 10 m below the land surface. The results of this research will be used to evaluate the risk and the severity of a potential groundwater contamination in the vicinity of a pipeline leak and to assist in the design of remedial strategies.
Background
Water solubility is an important characteristic for assessing the movement and distribution of a chemical. In general, highly soluble chemicals are more likely to be distributed by the hydrological cycle than poorly soluble chemicals. Water solubility also affects sorption and desorption on soils, and volatilization from aquatic systems. Substances with high solubilities are more likely to desorb from soils and less likely to volatilize from water Dissolution of compounds from mixtures, such as gasoline and diesel fuel, behave differently from single compounds when brought into contact with water. Each component in the mixture will partition between the aqueous phase and the mixture, as approximately described by Raoult´s law (Banerjee 1984; Lane and Loehr 1992) . At equilibrium, the chemical potential of each solute is uniform among all phases. Using Raoult´s law convention, the aqueous concentration of each solute in a gasoline-water mixture at equilibrium can be expressed as:
where C i w = concentration of the solute in the aqueous phase in equilibrium with the organic phase; χ i o and γ i o = mole fraction of the solute i and the activity coefficient in the organic phase, respectively; S i w = aqueous solubility of the pure solute i. In most studies, where the dissolution of petroleum hydrocarbons is considered, γ i o is close to unity. This is because the interactions, between the components with similar chemical structures, are assumed to be insignificant (Lesage and Brown 1994) .
The effect of cosolvents enhancing solubilization of sparingly soluble compounds has been demonstrated and described by several authors (Mihelcic 1990 ). Most of them have worked with the addition of polar organic solvents to water, or to a mixture of hydrocarbons and water. In this research, however, we used gasoline containing 10 and 20% of ethanol, and analyzed the cosolvent effects arising from such residual phases, e.g., in column tests. Verschueren (1996) . b Schwarzenbach et al. (1993 Yalkowsky (1985; 1986) and Yalkowsky and Roseman (1981) have shown that, with an increasing volume fraction of a completely miscible organic solvent in a binary mixed solvent, the solubility of hydrophobic compounds increases essentially in a log-linear way. Deviations from the log-linear behavior are more apparent for some cosolvents than for others, especially when the cosolvent fraction is >0.5 (Rubino and Yalkowsky 1987; Morris et al. 1988) . A consequence of the increased solubility is decreased sorption and an increase of contaminant mobility in soils (Rao et al. 1990 ). Several theoretical approaches have become available over the past decade which deal with solubility of organic compounds from solvent mixtures. Among these are the UNIQUAC/UNIFAC models (Abrams and Praunitz 1975; Fredenslund et al. 1975) , the log-linear model (Yalkowsky and Roseman 1981) , the 3-suffix equation (Williams and Amidon 1984) , and the near-ideal binary solvent pproach (Judy et al. 1987; Marthandam and Acree 1987) . The application of the solubility parameter theory to mixed solvents has been covered by Barton (1975) . This theory and the NIBS approach are most suitable for nonhydrogen bonding systems. UNIFAC, the log-linear model, and the 3-suffix method are best suited for the application to aqueous systems. Originally, UNIFAC was used to predict the activity coefficients of hydrocarbons in other hydrocarbon solvents, but it has been extended to include water as a solute and as a solvent. The fundamental basis of UNIFAC is that compounds may be structurally decomposed into functional groups, each one having a unique contribution toward the activity coefficient of a compound (Kan and Tomson 1996) . Unfortunately, the accuracy of the UNIFAC prediction method remains controversial when using an older version of the interaction parameters. Discrepancies of up to 4 orders of magnitude have been reported in predicted aqueous solubilities, vapor pressure, and octanol/water partition coefficients (Chen et al. 1993) . Since then, several revisions have been made for the parameters (Chen et al. 1993; Hellinger and Sandler 1995; Kan and Tomson 1996) . The difficulty in utilizing UNIFAC for more complex systems is the need to understand the composition and the structure of all components within the system (Heermann and Powers 1998) .
======================================================================================
The log-linear model has been successfully used for directly estimating the solubility of a solute in a watercosolvent mixture. Yalkowsky and Roseman (1981) described the linear empirical relationship according to the following equation:
where C i m = concentration of i (mg/L) in the aqueouscosolvent mixture; C i w = concentration of i in pure water (mg/L); f c = volume fraction of cosolvent in the aqueous phase, and σ = constant for a given solute-cosolvent system termed the cosolvency power.
Further, Rubino and Yalkowsky (1987) demonstrated that the log concentration could be expressed by a linear combination of the log concentration of the solute in the two pure solvents:
where C i c = solute solubility in pure cosolvent. Thus, the cosolvency power σ, can be computed from published compilations of solubility data from Verschueren (1996) and others by combining (2) and (3):
Deviations from the log-linear cosolvency relationship [(2) and (3)] have been observed in several studies involving non-polar pharmaceutical drugs as well as hydrophobic organic compounds of environmental interest (Morris et al. 1988; Banerjee and Yalkowsky 1988; (2) log log 1992) . According to Banerjee and Yalkowsky (1988) , the hydrophobic organic compound concentrations in the binary mixture can be approximated by the linear equation at lower cosolvent concentrations (<10-20% in volume) and by the log-linear equation for higher cosolvent concentrations. Morris et al. (1988) have shown that σ can be correlated to octanol-water partition coefficient (K ow ) values as follows:
where a and b = empirical constants that are unique for a given cosolvent. The difficulties in applying the above equations to commercial gasoline mixtures include the large number of components involved and the determining of the moles of each component in theoretically infinite combinations. An approach to resolving these difficulties has been through the estimation of fuel-water partition coefficients (K fw ), which are based on weight percentages or concentrations in the fuel rather than mole fractions. Brookman et al. (1985) reported a model to estimate the concentration of a component present in the aqueous phase based on the solubility and weight percentage in the gasoline. This approach was further examined in a laboratory study (Brookman et al. 1985) on the solubility of petroleum hydrocarbons in ground-water, where a reference, regular, unleaded gasoline (API PS-6), was equilibrated with organic-free, deionized water. The partitioning of components into water is affected by the solubility of each compound in pure water and by the gasoline composition. The partitioning of fuel components can be described by a partitioning coefficient based on the following equation derived from Raoult's law assuming , molecular weight (g/mol) of the organic phase (gasoline) and aqueous solubility of the pure compound i (mol/L), respectively. By taking logarithms of both sides of (6), it is evident that the inverse relationship between log K i fw and log S i w results in a unit negative slope and an intercept that is dependent upon the ratio of molecular weight, the density of the organic phase and the activity coefficient in the organic phase (γ 
MATERIALS AND METHODS

Soil Samples
To avoid humic material, sandy soil samples were collected, in Ribeirão Preto, São Paulo, Brazil, 2 m below the surface area. The grain size analysis and the fraction of organic carbon f oc were obtained according to Brazilian [Associação Brasileira de Normas Técnicas, Rio de Janeiro (ABNT)] and German [Deutsches Institut für Normung, Berlin (DIN)] standard methods. The results obtained were sand = 74-79%, clay = 14-18%, silt = 6-7%, and f oc = 0.006.
Oxygenated gasoline
The regular gasoline sample used in this study was obtained from an ARAL gas station in Tübingen, Germany. Three types of systems with a range of complexities were considered in both solubility and column tests: (1) A two-component system with gasoline and water; (2) a three-component system with gasoline containing 10% ethanol and water; and (3) a threecomponent system with gasoline containing 20% ethanol and water. Gasoline and water samples were analyzed for the compounds listed in Table 1 .
Determination of Aqueous Solubility
Batch tests were performed to quantify the aqueous solubility of the 12 compounds from gasoline alone and as a function of the concentration of ethanol in the gasoline phase and to quantify the cosolvency power of the gasoline compounds. Cosolvent mixtures were prepared using 10 or 20% of ethanol in gasoline. In batch tests, the water was added to the gasoline (Figs.1 and 2) and to the ethanol-gasoline mixtures (Fig. 3) in volumetric gasoline-to-water ratios of 1:1, 1:10, 1:100, 1:10,000, and 1:100,000. These tests were performed using 4 and 100 mL glass vials with Teflon-lined caps to allow the sampling of the aqueous phase. Vials were equilibrated on a rotator for at least 12 to 24 h. Prior to analysis, the vials were centrifuged at a minimum 300 RCF for 15 minutes. For ratios of gasoline-to-water equal to 1:1 and 1:10, the aqueous phase was sampled using a 10 µL glass syringe (Hamilton). This syringe penetrated the septum and extracted 1 µL of the aqueous phase, which was used for a direct aqueous injection into a gas chromatograph. For ratios of water-to-gasoline higher than 10, a gas-tight 10 mL glass syringe (Hamilton) was used to sample 1 mL of the aqueous phase and to dispense it into 20 mL headspace glass. This was followed by an autosampler headspace analysis. The gas chromatograph (Carlo Erba Model HRGC 5160) was equipped with a flame ionization detector and a 50 m capillary column with 1.2 µm film thickness. Calibration standards containing known amounts of 2 alkenes and 12 aromatic compounds in methanol were prepared in the laboratory. They were analyzed prior to measuring batch and column samples to establish linear calibration curves for the organic compounds.
Column Tests
One dimensional column experiments were conducted in order to investigate the mass transfer processes during the residual phase dissolution and the facilitated transport of hydrocarbons upon the addition of gasoline-ethanol mixtures. These experiments simulate spilled fuel in subsurface conditions better than the batch tests. Cosolvent mixtures were prepared using 10 or 20% of ethanol in gasoline. The Botucatu soil, with grain size smaller than 0.4 mm, was packed into 430 cm 3 and 6 cm diameter glass columns and was saturated with water (Table 3 ). The volumetric porosity was between 0.42 and 0.44. Until breakthrough, gasoline was pumped from the top to the bottom of the columns with a velocity of 0.73 m/day. From here the columns were flushed again by pumping degassed water from bottom to top. When residual saturation of the gasoline was achieved, the degassed water was pumped from top to bottom and leachate samples were collected in pre-determined time intervals. These types of experiments were carried out for 113 days in order to investigate the change in composition of the gasoline due to aqueous dissolution of the constituents (aging effects). 
FIG. 1. Comparison of Aqueous Concentrations of Gasoline Constituents Measured in Batch and
TEST RESULTS AND DISCUSSION
Equilibrium Aqueous-Phase Concentrations-Batch and Columns
In Fig. 1 , the calculated aqueous concentrations using Raoult's law [(1), assuming γ i o = 1-ideal behavior of the solutes in the gasoline] are compared to the maximum (i.e. equilibrium) aqueous concentrations obtained in batch (water-to-gasoline ratio = 10) and in column tests.The data of the compounds with relatively high water solubilities fit better to Raoult's law than the compounds with lower aqueous solubilities. Laboratory batch experiments of other authors (Shiu et al. 1988; Poulsen et al. 1992) indicate that for water in contact with a non-aqueousphase liquid (NAPL), the dissolved concentrations often approach effective solubility values in minutes to hours, depending on the NAPL-to-water volume ratio. The compounds of highest aqueous solubility as benzene and toluene were the compounds that rapidly equilibrate and were less sensitive to small changes in the aqueous phase concentrations measurements by using the gas chromatography/flame ionization detector technique. Discrepancies in the measurements values can be also attributed to non-ideal interactions between the gasoline compounds in the organic phase that result in the organic-phase activity coefficients exceeding unity. Note that the water-to-gasoline ratio in batch and column tests are different, which may also explain the deviation between the results observed for the low solubility compounds. The columns showed a higher concentration of benzene and toluene in the effluent; both of these could have caused enhanced dissolution of low solubility compounds ("cosolvent effect"). The results allow, in a first approximation, the prediction of the maximum solute concentrations that may be present in the aqueous leachate leaving a gasoline contaminated zone.
Leaching Behavior of Gasoline without and with Ethanol in Batch Studies
In order to apply (1) and (2) for predicting the concentrations of the hydrocarbons in binary and ternary mixed solvents composed of gasoline and water, or of gasoline/ethanol and water, the following data are necessary: (1) The aqueous solubilities of the alkene and aromatic compounds (Table 1) ; (2) the cosolvency power and the mole fraction of compound i in the organic phase (Table 2) ; and (3) the volume fraction of ethanol in the aqueous phase, which was determined from the water-to-gasoline ratio. By utilizing the parameters shown in Table 2 , Raoult's law [(1)], and the log-linear model [(2)], the aqueous concentrations in equilibrium with the organic phase were predicted. Based on the batch experimental results, it was assumed that ethanol partitions completely into the aqueous phase. Fig. 2 shows the measured aqueous concentrations of gasoline constituents versus the calculated concentrations (according to Raoult's law and ideal behavior) with an increasing water to gasoline mixture ratio of 10, 100, 10,000 and 100,000. This is equivalent to subsequent extraction of gasoline with water ("leaching"). The difference between the batch and the column tests is that in the last one the entire volume of water is not contacted with the gasoline at the same time, rather, small increments equilibrate sequentially giving rise to loss of more soluble compounds in the beginning followed by the less soluble ones. Relatively good agreement between prediction and measurements was observed for compounds with relatively high water solubilities (benzene, toluene, ethylbenzene and xylenes). For compounds with lower solubilities, such as propylbenzene, 1,2,4 trimethylbenzene, 1,2,3 trimethylbenzene, 1,3,5 trimethylbenzene, indan and naphthalene, the aqueous concentrations tended to be too low. This may be due to non-equilibrium conditions during dissolution. For water-to-gasoline ratios <100, compounds which have a high water solubility, such as benzene, dominate; whereas, at higher water-to-gasoline ratios, compounds with lower water solubility, such as 1,2,4 trimethylbenzene, show the highest aqueous concentrations.
The solubility enhancement for some gasoline components is shown in Fig. 3 as a function of the fraction of ethanol in the aqueous phase f c . Measured data (represented by symbols in Fig. 3 ) are in good agreement with predictions using Raoult's law and the log-linear model (σ ranges from 3 to 6) ( Table 2 ). The solubility of a solute in gasoline-ethanol-water mixtures is a function of the mole fraction of ethanol in the aqueousphase. The mole fraction of the oxygenated compound in the extraction experiments was a function of the volumetric percentage of the additive in gasoline, and of the gasoline-to-water ratio used in the extraction. A significant cosolvency effect is only observed at water-tooxygenated gasoline ratios <10:1 (f c > 0.1). Again, the fit of the high solubility compounds to the model is better than for low solubility compounds. As expected, the gasoline components with the lower aqueous solubility showed the highest concentration enhancement with ethanol present. Therefore, gasoline constituents, which usually are of little concern, can represent a greater risk 
Water/oxygenated gasoline ratio Aqueous Concentration [mg/L]
P ro pylbenzene 1,2,4 TM B 1,2,3 TM B 1,3,5 TM B Indan Naphthalene P ro pylbenzene 1,2,4 TM B 1,2,3-TM B 1,3,5-TM B Indan Naphthalene towards ground-water contamination when high concentrations of ethanol in the aqueous phase occur. An error analysis was performed to evaluate the relative capabilities of the log-linear approach for predicting the aqueous concentration of 12 gasoline compounds in gasoline-ethanol-water systems. The adopted procedure for performing the error analysis was according Fu and Luthy (1986) which computes error and root mean square error in logarithmic space. The comparison of the experimental data with the predicted aqueous concentrations of the gasoline compounds showed a bias ranging from 117% (toluene) to 162% (ethylbenzene) and an accuracy ranging from 182% (toluene) to 288% (ethylbenzene), which is comparable to results published by Fu and Luthy (1986) . The error analysis was performed individually for each compound and each system using all experimental and predicted data.
Long-term Leaching of Gasoline Constituents in Column Tests
The column experiments were carried out for the comparison of column effluent concentrations with a simple local equilibrium transport model. The rate of dissolution of gasoline in the column experiments depends on the effective solubilities and diffusivities of the gasoline compounds, the physical distribution of the gasoline-NAPL in the porous medium and the rate of water flow through and around the gasoline-NAPL. The rate of mass transfer will determine the dissolved-phase concentrations that will occur in the effluent water as well as the persistence of the residual gasoline in the columns. Higher water velocities results in a reduction in the dissolved concentrations. In the case of dissolution from residual phase (blobs), the local equilibrium concentration is reached after short flow distances through the NAPL zone if residual NAPL saturation is high (short time periods) (Grathwohl, 1998) . The initial residual gasoline saturation was calculated for each sand sample from the entrapped volume of gasoline divided by the void volume of the column. It ranged from 0.31 within Column 1 (contaminated with pure gasoline) to 0.20 within Column 3 (contaminated with gasoline + 20% ethanol).
Data from the long-term dissolution experiments are shown in Figures 4 and 5 . The analysis of the results suggests that for water flow velocities close to 1m/day, initial equilibrium is achieved in the column effluent. For compounds with relatively high water solubilities (benzene, toluene, ethylbenzene), contact times in the columns were 30 min and 202 min, respectively. Assuming local equilibrium conditions, the time scale for dissolution can be easily estimated from the velocity of the dissolution front ν dissolution , which is retarded compared to the flow velocity of water ν a . The retardation factor can be defined as the ratio of the overall compound mass to the mobile fraction of the compound in a unit volume of porous media : The second approximation is based on the assumption of equal molecular weights of the gasoline mixture and its constituents i (if S° is small and ρ o close to one, R f reduces further to S°/ S i w ). Raoult's law equation focuses on the initial dissolution behavior of a mixture, and is an accurate description of the system in cases where the amount of NAPL is large and where the dissolution of individual components does not affect the composition of the remaining NAPL. However, when the NAPL is dispersed in small globules, as is typically found at residual saturation, the preferential dissolution of a specific component significantly changes the composition of the remaining NAPL. If cosolvent is important then the effluent concentration would be higher than expected. During the column experiments the ratio of the volume of water to that of the NAPL increases non-linearly because of the change of NAPL volume due to dissolution. The rate of change of the volume of NAPL is specific to the compounds in the mixture and their individual aqueous solubilities.
============================================================================================
The modeled elution curves shown in Figs. 4 and 5 are based on the analytical solution of the advection/dispersion equation (Ogata & Banks 1961) (8) 2
where C i,w = concentration of i in the aqueous phase in equilibrium with the organic phase; erfc = complementary error function; x = distance along the column; ν a = linear velocity of the water; α l = longitudinal dispersivity and R f = retardation factor. Although this equation does not quantify the overall changing of the volume and the molar composition of the residual NAPL at each step neither the changing of the water saturation of the soil, it allows to estimate the time period of removal of each compound from the column. The parameters used in (8) to model the elution curves of the column tests are shown in Table 3 . In addition this table lists the time necessary to reduce the mass of each component t diss .
At lower residual NAPL saturation (Fig. 5) , the time for dissolution is shorter than the others. No mobilization of the gasoline containing alcohol or any significant effects on residual saturation were observed. This is presumably because of a part of ethanol was washed out of the column already during the conditioning of the column to reach residual saturation. The observed elution data are in reasonably good agreement to the values calculated from Table 3 and from using (8). As expected, the compounds are depleted from the mixtures in a decreasing order of solubility in both gasoline and oxygenated gasoline column tests (Figs. 4  and 5 ). Benzene is depleted from both columns first, but shows relatively high effluent concentrations for extended periods of time. This is attributed to the slow dissolution of some residual blobs still containing benzene ("tailing"). Chromatograms showed no ethanol peaks after the 1.5 pore volumes have been displaced.
Cosolvent Power for Solutes in Gasoline-EthanolWater Mixtures
Aqueous concentrations measurements for benzene, toluene, ethylbenzene, p-xylene and o-xylene at different gasoline-ethanol-water mixtures are plotted in Fig. 6 
Rf (8) Rf * (9) tdiss (days) 
Rf (13) Rf * (14) tdiss ( Note: L = length of column; ρ o = density of gasoline; S o = residual gasoline saturation; S o* = residual gasoline saturation assuming that ethanol was flushed out of the column; νa = average water flow velocity; f i = mass fraction of organic compound in gasoline; C i w = concentration of compound in water calculated from Raoult's equation; R f = retardation factor ; t diss = time for organic compound dissolution (time for a compound depletion from gasoline = Rf L/νa); αl = 0.003 m. ===================================================================================================================
The log-linear nature of the plots is consistent with the solution theory in binary solvent mixtures [(2)]. Regression of Log C i m and f c yielded high coefficients of determination for the majority of the compounds (0.97 ≤ r 2 ≤ 0.99). This indicates the high degree of linearity of the measured log C i m -f c relationships. However, more data scattering, as well as lower coefficients of determination (0.87 ≤ r 2 ≤ 0.91) were observed for 1,2,4 trimethylbenzene, 1,3,5 trimethylbenzene and naphthalene. The slopes of these regressions correspond to the cosolvency power σ and are in close agreement to the values reported by Poulsen et al. (1991) . The values of σ were 2.96; 3.58; 5.26; 4.65; 4.54; 4.78 and 4.97 for benzene, toluene, ethylbenzene, p-xylene, o-xylene, 1,2,3 trimethylbenzene and indan, respectively (Table 2 and Fig. 6 ).
Given the well-established data base for octanolwater partition coefficients (K ow ) (Table 1) , and taking into consideration the log-linear model [(2)], a general correlation between σ and K ow is expected [(5)] for the constituents of the oxygenated gasoline investigated, as shown in Fig. 7 (as suggested earlier by Morris et al.,1988) . Relatively good agreement between measured and reported cosolvency power values was observed. 
CONCLUSIONS
Results from batch and column tests showed that Raoult's law allows for a first approximation of the equilibrium aqueous concentration of gasoline constituents, assuming an activity coefficient in gasoline of 1. Only volume fractions of ethanol in water >0.1 cause significantly enhanced aqueous concentrations of gasoline constituents. This may occur during the first pore volume displaced in a column test ("first flush"), later on the dissolution behavior is not influenced by the cosolvent which was present initially. Aqueous leaching of residual gasoline causes dramatic changes in the aqueous concentrations due to a change in gasoline composition ("aging"). Results of the column dissolution experiments indicate that at sufficiently high residual saturations, equilibrium concentrations prevail for a considerable period of time, which can be estimated in a first approximation by the retardation of the dissolution front. For longer time periods tailing was observed, e.g. in benzene, which indicated mass transfer limitations. Based on present tests results, it is expected that the 26% of ethanol added to gasoline in Brazil causes an increase in the aqueous concentrations of gasoline constituents only at very early leaching times when ethanol is flushed out. Later on, e.g. in aged gasoline spills, it does not change significantly the dissolution of gasoline constituents.
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